Objective: Mean daily intakes of dietary fibre (DF, Southgate) and non-starch polysaccharide (NSP, Englyst) are estimated in a representative sample of adults aged 18-64 years in Ireland. The contribution of food groups to DF and NSP intake is reported and fibre intakes are compared with dietary recommendations and with intakes in some European countries. Design: Food consumption was estimated using 7-day food diaries for a representative sample (n = 1379; 662 men, 717 women) of 18-64 year old adults in the Republic of Ireland and Northern Ireland selected from the electoral register. DF and NSP intakes were estimated from tables of food composition. Results: The mean daily intake of DF in the total sample was 20.2 g (standard deviation (SD) 7.8) [23-2 g (SD 8.5) in men, 17.4 g (SD 5.9) in women] or 2.24 g MJ" 1 (SD 0.7) [2.16 g MJ" 1 (SD 0.7) in men, 2.33 g MJ" 1 (SD 0.7) in women]. Mean daily intake of NSP was 14.8 g (SD 6.2) [16.7 g (SD 6.8) in men, 13.0 g (SD 5.0) in women] or 1.65 g MJ" 1 (SD 0.6) [1.56 g MJ" 1 (SD 0.6) in men, 1.74 g MJ" 1 (SD 0.6) in women]. The main food groups that contributed to mean daily intake of DF (NSP) in the sample were breads 31% (23%), potatoes 19% (23%), and vegetables 17% (19%). Absolute intakes of DF and NSP were higher (P < 0.001) in men than women; however, women overall consumed more (P < 0.001) fibre-dense diets than men. Women aged 18-35 years consumed less (P < 0.01) DF and NSP (g) than women aged 36-64 years. Both men and women aged 18-35 years consumed less (P < 0.01) fibre-dense diets than men and women aged 36-64 years. The NSP intake was below the nutritional goal of 18 g day" 1 in 77% of adults and below the minimum of the recommended range (12 g day" 1 ) in 37% of the total sample. Compliance (i.e. the maximum number of individuals whose collective mean daily intake corresponded to the population goal) with the (UK) population goal for an average intake of 18 g day" 1 NSP was achieved by a greater proportion of the population (63%) than compliance with the (German) dietary fibre recommendation of 30 g day" 1 (27%) or the (Nordic) recommendation of 3 g MJ" 1 day" 1 (33%). Conclusion: DF (NSP) intakes were lower than dietary recommendations in a substantial proportion of the population. This is likely to contribute to impaired bowel function and constipation, which in turn may contribute to increased risk of chronic gastrointestinal disease.
While there is no consensus on a single definition for dietary fibre or on the methodology of fibre determination 1 , a widely accepted definition is 'the remnants of plant cells resistant to hydrolysis by human alimentary enzymes' 2 . Its main chemical constituents are hemicelluloses, celluloses, lignin, pectins, gums and waxes 2 . However, the chemical composition of dietary fibre varies with the method of measurement. For example, analysis by the Southgate method 3 to measure 'dietary fibre' (DF) includes hemicelluloses, celluloses, lignin, pectins, gums, waxes and resistant starch while analysis by the Englyst method 4 to measure 'non-starch polysaccharide' (NSP) includes all of these constituents except lignin and resistant starch.
Dietary fibre has received much attention since its first link with health in the 1970s 5 and has been associated with a reduced risk of diseases such as colon cancer and cardiovascular disease among Western populations .
Dietary fibre has a laxative effect and increases stool weight, which helps to reduce the incidence of constipation 7 . Clinical evidence has established the role of high fibre intakes in improving glycaemic control and insulin sensitivity in diabetics and in obese diabetics, and maintaining a healthy gastrointestinal tract 6 ' 8 . Epidemiological studies suggest that dietary fibre or foods rich in fibre, especially cereal products, can exert a protective effect against coronary heart disease 9 ' 10 . The COMA working group on Diet and Cancer concluded that moderate evidence is available to link higher dietary fibre intakes to reduced incidence of colorectal and possibly pancreatic cancer 11 . However, recent randomised controlled intervention studies indicate that fibre does not reduce the risk of colorectal cancer 12 ' 13 . Dietary fibre is also present in foods that contain phytochemicals, which may exert a protective effect against different types of cancer 14 .
In 1991, the COMA panel on Dietary Reference Values (DRVs) recommended that, in order to reduce the incidence of bowel disease, average NSP intake for the adult population should be 18 g day" 1 , with an individual range of 12-24 g day" 1 , and the NSP should be consumed from a variety of foods that contain it as a naturally integrated component 15 . The COMA panel on Diet and Cancer endorsed this recommendation in 1999 11 -In Europe recommended intakes of total dietary fibre generally fall between 20 and 35 g day" 1 and dietary guidelines generally recommend an increased consumption of fruits, vegetables, cereals and cereal products 1 . The German Nutrition Society recommends a mean daily population intake of 30 g or more for dietary fibre 17 . In Sweden the mean daily population target for dietary fibre density is set at 3 g MJP 1 , which approximates to 25-35 g of dietary fibre 18 . In the Republic of Ireland, up-to-date quantitative dietary fibre recommendations have not been established.
Current estimates of dietary fibre intake in the Republic of Ireland and Northern Ireland are based on surveys conducted over 10 years ago 19 ' 20 . Mean dietary fibre intake was estimated at 18.7 g day" 1 among adults aged 18-64 years in the Republic of Ireland in 1990 19 and 18.1 g day" 1 among adults aged 16-64 years in Northern Ireland in 1989 20 -This paper estimates the current intake of DF and NSP in Irish adults aged 18-64 years and describes the contribution made by major food groups to DF and NSP intake. It uses data collected from 7-day food diaries completed in the North/South Ireland Food Consumption Survey. The results are compared with previous estimates of mean daily dietary fibre intake in Ireland and in other European countries and with dietary recommendations for dietary fibre intake.
Methods
A more detailed account of the methodology and sampling procedure used in the North/South Ireland Food Consumption Survey has been described in two other papers in this supplement publication 21 ' 22 .
Individuals were randomly selected using the electoral register as the sampling frame and participation was invited among adults aged 18-64 years, except for pregnant or lactating women. Food intake data were measured in 1379 respondents (662 males and 717 females) 22 .
A 7-day food diary was used to collect food intake data and a variety of methods were used to quantify food intake including direct weighing of some foods, a specially designed photographic food atlas and food manufacturers' product data 21 .
Food intake data were analysed using WISP® (Tinuviel Software, Warrington, UK). WISP® uses data from McCance & Widdowson's The Composition of Foods, fifth edition 23 plus supplemental volumes 24 " 32 to generate nutrient intake data. The WISP® database was expanded to include nutrient data on generic Irish foods that were commonly consumed. Two values for fibre are shown in the food composition tables: dietary fibre (DF) measured by the Southgate method 3 , which includes soluble fibre, insoluble fibre, lignin and some resistant starch 23 , and total non-starch polysaccharide (NSP) measured by the Englyst method 4 , which includes soluble fibre and insoluble fibre 23 but excludes lignin and resistant starch. In the remainder of this paper the term 'dietary fibre', as opposed to DF, is used in cases where the method of analysis of dietary fibre is unspecified. The data handling and processing procedures used have been described elsewhere in this supplement 21 .
Data analysis was carried out using SPSS® Version 90 for Windows™ (SPSS Inc., Chicago, IL). Mean±standard deviation (SD), median and the 5th and 95th percentiles for DF and NSP intake were calculated by sex and age group (18-35 years, 36-50 years and 51-64 years). Independent Rests were used to assess differences between mean intakes in men and women. One-way analysis of variance (ANOVA) with post hoc multiple comparisons was used to determine whether or not differences in mean intakes between age groups existed within sex. Where significant differences between age groups existed, comparisons of means were made using the Scheffe post hoc multiple comparisons test to identify which means differed between age groups. For values that did not comply with Levene's test for homogeneity of variance, i.e. DF (g) and NSP (g and g MJ" 1 ) in females, the Tamhanepotf hoc multiple comparisons test was used to identify which means differed between age groups. Values of P less than 0.01 were taken as statistically significant.
In order to identify a subgroup of the total sample who were successful in meeting recommended population mean daily intakes of 30 g of dietary fibre 17 , 3 g MJ" 1 of dietary fibre 18 or 18 g of NSP 15 , an approach used by Wearne and Day 33 and described by the Ministry of Agriculture, Fisheries and Food (MAFF) 34 was used. The individual mean daily intake of DF (g and g MJ" 1 ) and NSP (g) in the total sample was ranked from highest to lowest. Starting from the highest intake, successive individuals were added until the addition of one more caused the average of the group to fall below the recommended population mean intake. This approach identified the maximum number of people in the subgroup whose collective mean daily intake met the population target, and this subgroup was referred to as 'compliers' (although some compliers had intakes that fell short of the population target). The remainder of individuals were referred to as 'non-compliers'.
The contribution (% and g day" 1 ) of major food groups to DF and NSP intakes were calculated for men and women. Owing to the large sample size, even small differences between the group means, in terms of contribution of food groups to DF and NSP intake, were highly statistically significant. Greater emphasis was therefore placed on a descriptive, rather than a formal statistical analysis of these data. Table 1 shows the mean daily intake of DF and NSP in adults, categorised by sex and age group. The mean daily intake of DF in the total sample was 20.2 g (23.2 g in men and 17.4 g in women) and mean daily intakes were significantly higher (P < 0.001) in men than women for all corresponding age groups. The mean daily intake of NSP in the total sample was 14.8 g (16.7 g in men and 13.0 g in women) and mean daily intakes were significantly higher (P < 0.001) in men than women for all corresponding age groups. In women, the mean daily intakes of DF and NSP were significantly lower (P < 0.01) in the age group 18-35 years than in the age groups 36-50 years and 51-64 years. This trend was similar in men, although the difference was not statistically significant. Table 2 shows the mean daily intake of DF and NSP expressed per MJ of energy in adults categorised by sex and age group. The mean daily intake of DF per MJ of energy in the total sample was 2.24 g MJ" 1 (2.16 g MJ" 1 in men and 2.33 g MJ" 1 in women) and mean daily intakes were significantly higher (P < 0.01) in women than men for the corresponding age groups 36-50 years and 51-64 years. The mean daily intake of NSP per MJ of energy in the total sample was 1.65 g MJ" 1 (1.56 g MJ" 1 in men and 1.74 g MJ" 1 in women) and mean daily intakes were significantly higher (P < 0.01) in women than men for all corresponding age groups. In both men and women, mean daily intakes of DF and NSP per MJ of energy were significantly lower (P < 0.01) in the age group 18-35 years than in the age groups 36-50 years and 51-64 years.
Results
Overall, 37% of the total sample (25% of men and 48% of women) had an NSP intake below the minimum intake (12 g day" 1 ) recommended by COMA for individuals 15 . A greater proportion of adults aged 18-35 years, especially women, were below this recommended minimum intake than adults aged 36-50 years or 51-64 years.
Subgroups of the total sample, whose collective mean daily intake corresponded to the recommended population mean daily intakes of 30 g of dietary fibre 17 , 3 g MJ" 1 of dietary fibre 18 or 18 g of NSP 15 , were identified. These subgroups were referred to as 'compliers' and the remainder of the sample was referred to as 'noncompliers'. Table 3 shows 'compliers' and 'non-compliers' in the sample with respect to different fibre recommendations and the mean daily intake of food and drink (g), energy (MJ), DF (g and g MJ" 1 ) and NSP (g) for each group.
Twenty-seven per cent of the total sample were 'compliers' of the population goal of 30 g of dietary fibre (with a male to female ratio of 20:7) and the mean daily intake of DF in this group was almost twice that of 'non-compliers' (30.0 g vs. 16 .5 g, respectively). 'Compliers' had higher mean daily intakes than 'non-compliers' ab Denotes a significant difference (P < 0.01) between means of age groups within sex. Differences between means for men and women in corresponding age groups were significant (P < 0.001) in all cases. ab Denotes a significant difference (P < 0.01) between means of age groups within sex. Differences between means for men and women in corresponding age groups were significant (P < 0.01) in all cases, except for the [18] [19] [20] [21] [22] [23] [24] [25] [26] [27] [28] [29] [30] [31] [32] [33] [34] [35] year age group between men and women for DF (g MJ~1).
for weight of food and drink consumed (3448 g vs. 2556 g), energy intake (11.8 MJ vs. 8.3 MJ) and DF density (2.67 g MJ" 1 vs. 2.08 g MJ" 1 ). Thirty-three per cent of the total sample were 'compliers' of the population goal of 3 g MJ" 1 of DF (with a male to female ratio of 13:20) and the mean daily intake of DF per MJ of energy in this group was substantially higher (3.00 g MJ" 1 ) than in 'non-compliers' (1.87 g MJ" 1 ). 'Compliers' had similar mean daily intakes to 'non-compliers' of food and drink (2740 g vs. 2832 g), lower mean daily intakes than 'non-compliers' of energy (8.3 MJ versus 9.7 MJ) and higher mean daily absolute intakes than 'non-compliers' of DF (24.8 g vs. 17.9 g).
Sixty-three per cent of the total sample were 'compliers' of the population goal of 18 g NSP (with a male to female ratio of 36:27) and the mean daily intake of NSP in this group (18.0 g) was almost twice that of 'non-compliers' (9.4 g). 'Compliers' had higher mean daily intakes than 'non-compliers' for weight of food and drink consumed (3051 g vs. 2384 g), energy intake (10.3 MJ vs. 7.5 MJ) and DF density (2.45 g MJ" 1 vs. 1.89 g MJ" 1 ). Table 4 shows the mean daily contribution of food groups to DF and NSP intakes in men and women. The contributions of food groups to DF (contribution to NSP) were as follows: breads 31% (23%), potatoes 19% (23%), vegetables 17% (19%), fruit and nuts 8% (8%), and breakfast cereals 8% (8%). Overall, breads, potatoes and vegetables collectively provided two-thirds of the DF and NSP consumed in the diet.
Discussion
The mean daily absolute intake of DF and NSP was higher in men than women but when expressed per MJ of energy consumed, the mean daily intake of DF and NSP was higher in women than men. This shows that absolute intakes of DF and NSP were higher in men because they consumed more food and drink but women consumed more fibre-dense diets. Women in the 18-35 year age group consumed less fibre and less fibre-dense diets than women in the 36-50 year and 51-64 year age groups. Men in the [18] [19] [20] [21] [22] [23] [24] [25] [26] [27] [28] [29] [30] [31] [32] [33] [34] [35] year age group consumed less fibredense diets than men in the 36-50 year and 51-64 year age groups and while the trend was similar for absolute intakes of DF and NSP, the results were not statistically significant.
Reported mean daily intakes of 20.2 g of DF, 2.24 g MJ" 1 of DF or 14.8 g of NSP were less than the published recommended population mean intakes of 30 g dietary fibre 17 , 3 g MJ" 1 dietary fibre 18 or 18 g NSP 15 , Table 3 * The cut-off value is the minimum individual mean daily intake of DF (g or g MJ 1 ) or of NSP (g) that generates a mean daily intake of 30 g of DF, 3 g MJ 1 of DF or 18 g of NSP, respectively, in a population whose mean daily intake is ranked from highest to lowest. respectively. The NSP intake was below the nutritional goal 15 of 18 g day" 1 in 77% of adults (67% of men and 87% of women) and below the minimum of the recommended range (12 g day" 1 ) 15 in 37% of the total sample (25% of men and 48% of women). This trend was most marked in the age group 18-35 years for both men and women. It is likely to contribute to impaired bowel function and constipation, which may in turn contribute to increased risk of chronic gastrointestinal disease 15 . The approach outlined by Wearne and Day 33 was used to evaluate compliance with dietary recommendations and to determine the maximum number of 'compliers' of these recommendations. The advantage of this approach is that the division of the study population is not arbitrary as it uses recommended population intakes to differentiate between groups. In addition, it is consistent with the theoretical derivation of DRVs for dietary fibre and NSP, which are population averages as opposed to targets for individuals 33 .
Mean daily intake of food and drink (g), energy intake (MJ), DF (g and g MJ 1 ) and NSP (g) in 'compliers 1 and 'non-compliers' of the DF and NSP recommendations in the total population

Recommendations n (% of population) Cut-off value to achieve goal* Mean daily intakes
Only 27% of the total sample (male to female ratio 20:7) were 'compliers' of the 30 g dietary fibre recommendation and 33% of the total sample (male to female ratio 13:20) were 'compliers' of the 3 g MJ" 1 dietary fibre recommendation. While the recommendation of 3 g MJ" 1 was more likely to be achieved by women than men, the 30 g dietary fibre recommendation appeared to be largely unachievable by women. In the Dietary and Nutritional Survey of British Adults (1991), a greater proportion of the adult population (36%, with a male to female ratio of 20:16) were 'compliers' of the recommended population goal of 30 g DF per day 33 . In the current survey, 63% of the total sample (male to female ratio 36:27) were 'compliers' of the 18 g NSP recommendation and women were only slightly less likely than men to achieve compliance. Thus, the NSP recommendation of 18 g appears to be a more feasible population target to achieve than the dietary fibre targets of 30 g or the 3 g MJ" 1 , given current dietary practices in adults in Ireland. An NSP intake of 18 g equates to a DF intake of approximately 25 g based on population food intakes in this survey. The scientific basis for establishing quantitative recommendations for dietary fibre intake is still weak and few recommendations are based on quantitative evaluation of bowel function or health outcome in relation to fibre intake. In the UK, the DRV of 18 g for NSP is based on minimising the number of individuals with low stool weights, which are associated with a greater risk of bowel disease 15 . More research needs to be undertaken to examine quantitative relationships of fibre intake and health outcome.
'Compliers' of the recommendations based on absolute intakes (30 g dietary fibre, 18 g NSP) consume more food and drink (by weight) than 'non-compliers', which is consistent with a previous observation in UK adults 33 , and also have higher energy intakes and more fibre-dense diets than 'non-compliers'. However, 'compliers' of the § Q. dietary fibre recommendation of 3 g MJ x had a similar intake of food and drink to 'non-compliers' and a lower energy intake. Compliance with recommendations based on absolute intakes of fibre, but not with recommendations based on fibre density, is strongly influenced by total food and drink consumption and total energy intake. It should be noted that estimates of compliance could be confounded by mis-reporting of food consumption 33 . Table 5 reports the mean daily intake of dietary fibre (g and g MJ" 1 ) in men and women from national dietary surveys in other European countries. The mean daily intake of dietary fibre (g) in the current survey was comparable to mean daily intakes in other European countries. The mean daily intake of dietary fibre expressed as g MJ" 1 in the current survey was lower than intakes in the UK 35 , Finland 36 , Holland 37 and West Germany (for women only) 38 , and was slightly higher than intakes in Denmark 39 . Mean daily intakes of DF (g MJ" 1 ) in the current survey were, however, higher than values reported in the Irish National Nutrition Survey, 1990 19 and the survey for Diet, Lifestyle and Health in Northern Ireland 20 , in 1989, particularly for men. The contribution of food groups to DF in the current survey was similar to the Irish National Nutrition Survey, 1990 19 , except in 1990 vegetables and pulses contributed more than potatoes to DF intake, while in the current survey potatoes contributed more than vegetables and pulses to DF intake. However, it must be noted that comparisons of dietary fibre intakes between populations are difficult due to differences in the methodologies used to estimate food consumption and in the analysis of dietary fibre 40 .
Conclusion
Absolute intakes of DF and NSP were higher in men than women; however, women consumed more fibre-dense diets than men. The diets of women aged 18-35 years were lower in fibre and less fibre-dense than the diets of women aged 36-50 years or 51-64 years; a similar observation was made in men although it was significant for fibre density only. Overall, breads, potatoes and vegetables collectively provided two-thirds of the dietary intake of DF and NSP. The NSP intake was below the nutritional goal 15 of 18 g day" 1 in 77% of adults and below the minimum of the recommended range (12 g day" 1 ) 15 in 37% of the total sample. This is likely to contribute to impaired bowel function and constipation, which in turn may contribute to increased risk of chronic gastrointestinal disease 15 . Only a minority of the total sample achieved compliance with the (German) recommendation 17 of 30 g dietary fibre (27%) or the (Nordic) recommendation 18 of 3 g MJ" 1 dietary fibre (33%). The recommendation of 3 g MJ" 1 dietary fibre was more achievable for women than men, while the 30 g dietary fibre recommendation was largely unachievable by women. Compliance with the recommendation of 18 g NSP (approximately equivalent to 25 g of DF) was far more achievable by the population and women were only slightly less likely than men to achieve compliance. Achieving compliance with recommendations based on absolute intakes, but not fibre density, is strongly influenced by the amount of food and drink consumed, and energy intake. More research is needed to establish dietary fibre recommendations that are based on stronger scientific evidence of bowel function and health outcome in relation to fibre intakes. Further analysis of the current data to assess the patterns of food intake, anthropometric measurements and health and lifestyle characteristics of 'compliers' and 'non-compliers' of the fibre recommendations may prove useful, especially in helping to draft more effective dietary guidelines and to characterise 'noncompliers' of fibre recommendations.
